For hard surfaces, washing with soap and water and rinsing can significantly reduce bacterial loadings (Cogan et al., 2002) . Disinfection in hospitals is recommended only for surfaces in frequent contact with hands and skin of patients and personnel, as repeated disinfection of other areas is unnecessary and leads to allergic symptoms in health care workers (Dascher et al., 2004; Henry, 2011) . Disinfection of wet cleaning cloths is necessary, because the probability of contamination and transfer is high (Bloomfield and Scott, 1997) .
CHARACTERISTICS OF TARGET MICROORGAN-ISMS
Microorganisms vary considerably in their response to disinfectants. Bacterial spores are the least susceptible, followed by mycobacteria and then by Gram-negative bacteria, PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015) , No. 6 (699), pp. 307-313. DOI: 10.1515 /prolas-2015 (Maillard, 2002; Russel, 2002) .
WATERLESS CLEANING COMPOSITIONS WITH DISINFECTION PROPERTIES: EFFICACY AND ENVIRONMENTAL ASPECTS
It is desirable to test a broad spectrum of organisms for their susceptibility to disinfectants. In this respect, additional attention should be paid to: i) the high levels of antibiotic resistance in plant-colonising enterococci; ii) the fact that Burkholderia cepacia can cause both plant and human infections; iii) the ability of protozoa to act as reservoirs of animal and human pathogens (Dixon, 2002) .
Hospital isolates are often more resistant to biocides than laboratory or 'standard' strains. Overusage of antibiotics (e.g., animal feedstuffs) and disinfectants (e.g., domiciliary environments) can lead to selection for antibiotic-resistant bacteria, a potentially serious situation (Russel, 2002) . As reported earlier, both antimicrobials, i.e. biocides and antibiotics, might develop shared resistance mechanisms, e.g. efflux pumps, permeability changes and biofilms (Anonymous, 2009 ). Resistance to these compounds may be acquired either by mutation or by the acquisition of genetic elements (plasmids, transposons).
There are two major mechanisms whereby bacteria show resistance to disinfectants. The first one is based on impermeability of the outer bacterial cell layers and is formed in bacterial spores, mycobacteria and Gram-negative organisms. Alternatively, some organisms, such as P. aeruginosa, can efflux some agents such as triclosan, chlorhexidine and quaternary ammonium compounds (QACs) (Chuanchen et al., 2001; Poole, 2001; Russel, 2002) .
By analogy with antibiotics, disinfectant rotation policies are practised in some hospitals. Such policies attract strong opinions in support and against (Murtough et al., 2002; Russel, 2002) .
METHODS FOR EVALUATION OF DISINFECTANTS
Unlike sterilisation, disinfection is not sporicidal. A few disinfectants kill spores with prolonged exposure times (3-12 hours); these are called chemical sterilants. High-, intermediate-and low-level disinfectants differ in their antimicrobial spectrum and rapidity of action (Rutala and Weber, 2008) .
Studies on efficiency of surface disinfectant cleaners carried out with test-microorganisms in suspension and not under practical conditions, can be considered as a strong limitation (Reichel et al., 2014) . In case the efficiency of a disinfectant applied to surfaces is based on counting the microbial survivors sampled in a liquid, then total cell removal from surfaces is seldom achieved. As a result, the efficiency of surface disinfection procedures can be overestimated (Grand et al., 2011) . Use of fluorescent dyes in microscopy can improve the assessment of cell viability, even for surface-associated cells (Davinson et al., 2010; Bridier et al., 2011; Grand et al., 2011) .
Some studies aimed at developing disinfection procedures at food processing plants have led to modification of the standard methods in order to adapt them to technological conditions. Thus, for a fish processing plant, bactericidal efficiency of common disinfectants against adherent cells on stainless steel surface was carried out with mixed culture of Pseudomonas putida, Serratia liquefaciens and Shewanella putrefaciens isolated from shrimp and fish processing plants (Duong, 2005) .
Standard methods for determining bactericidal, sporicidal, fungicidal and yeasticidal effect of the chemical disinfectants and antiseptics on the surface and in suspension, are provided in EU documents (Anonymous, 1997a; 1997b; .
FACTORS AFFECTING THE EFFICACY OF DISINFEC-TION
Among the factors influencing an efficacy of disinfection, specificity of target microorganisms, physicochemical properties of surrounding media and treatment mode are considered as most important.
Target microorganisms. Susceptibility of microorganisms to the disinfectant is dependent on the type, source, concentration of microorganisms, as well as the presence of biofilm. Activity of a disinfectant might also differ between different strains of the same species (Maillard, 2002 ).
Media. The pH level, hardness, salinity, the presence of organic or inorganic interfering material, physical nature of the object (e.g., crevices, hinges, and lumens) can sufficiently influence the outcome of disinfection procedure. The presence of divalent cations increases susceptibility to QAC (Crismaru et al., 2011) . Quaternary-containing disinfectants are affected by water hardness and less affected by organic matter (Anonymous, 2000; Duong, 2005) .
Treatment mode. Sufficient contact time is critical to ensure disinfection. For example, the standard suspension methods suggest a contact period with disinfectant of 5 min and 15 min for tests with bacteria and fungi/yeast cultures, respectively. An appropriate neutraliser should be used before counting the number of cells surviving the test disinfection procedure (Anonymous, 1997a; 1997b) .
CHEMISTRY OF SURFACE CLEANING PREPARA-TIONS

Waterless cleaning preparations.
A formulated waterless cleaning composition may contain the following compounds: primary surfactant, cosurfactant, solvents, cosolvent, organotropic (organic solubilising) agent, hydrotropic (water solubilizing) agent, water and salts, and special additives. The water content of most cleaning aids ranges from 5% to 15%. Additives, such as softening, retexturing (sizing), antistatic, oxidising (bleaching), disin-fecting, and optical brightening agents, can be beneficial in cleaning aids.
The most important and usually the most effective constituent of a cleaning aid is a surface-active substance. Historically, six classes of surfactants have been used in waterless cleaning detergents (Schwartz, 1949 ):
1. Alkyl phenol and alkyl benzene sulfonates;
2. Sulfated fatty alcohols and sulfated oleic or ricinolieic acid;
3. Petroleum sulfonates;
4. Cetyl pyridinium bromide and other cationic agents;
5. Esters of long-chain fatty acids with low-molecularweight hydroxycarboxylic acids, such as stearyl tartrate;
6. Oil-soluble nonionic agents, such as low HLB alcohol ethoxylates (HLB, hydrophilic-lipophilic balance of a surfactant).
As the above list indicates, very few oil-soluble surfactants fail to fit one of these classes.
A commercial waterless cleaning detergent may contain 40% to 90% active ingredients and be used at 0.5% to 4% in the cleaning solvent.
Quaternary ammonium compounds: surfactants with disinfecting properties. Among the broad spectrum of chemicals used in cleaning compositions, particular attention is paid to quaternary ammonium compounds. Quaternaries are unique surfactants that act as antistatic agents, detergents, oil-in-water emulsifiers, corrosion inhibitors, and lubricants. They can be either oil soluble, water soluble, or dispersible depending on the molecular weight and presence of fatty chains. While most commercial cationics contain one or more long alkyl chains, the most common types in waterless cleaning aids are based on diethylamine plus several moles of propylene oxide then quaternised with methyl chloride (Friedli, 2001) .
Quaternary ammonium compounds are rather specific in their antimicrobial mechanism. Even very low concentrations cause damage to the cytoplasmic membrane due to perturbation of the bilayers by the molecules' alkyl chains (Wessels and Ingmer, 2013) . QACs interfere with normal ammonium uptake (Sutterlin et al., 2008; Buffet-Bataillon et al., 2012) . QACs irreversibly bind to the phospholipids and proteins of the membrane, thereby impairing permeability. Several active compounds have less inhibitory effect on Pseudomonas spp. than on Bacillus spp., due to the presence of lipoproteins and liposaccharides on the outer layer of peptidoglycane (Maris, 1995 The probable production of QAC's per year in the EU is more than 1000 tons of pure compounds, several of the individual compounds being produced at more than 10 tons per year (Anonymous, 2013) . It was previously reported that adaptation or resistance to QACs can develop (Reichel et al., 2014; Block, 1991; Boyce and Pittet, 2002) .
ECOTOXICOLOGICAL IMPACT OF SURFACE CLEANING PREPARATIONS
Due to the enormous economic importance and massive worldwide use of surfactants and disinfectants, their environmental impact has to be evaluated and controlled. Especial attention is paid to ecological threat caused by water disinfection. In particular, the use of chlorine dioxide and ozone lead to bacterial mutagenicity (Monarco et al., 2000) .
A new class of disinfection byproducts (DBPs), i.e., halobenzoquinones (HBQs), which were observed to occur widely in treated drinking water and recreational water, were shown to be highly cytotoxic and potentially genotoxic and carcinogenic (Li et al., 2015) . Hospital effluents possess environmental risks, since they are 5-15 more toxic than urban effluents (Panouillères et al., 2007) . Panouillères et al., (2007) and Angerville et al., (2009) reported the effect of binary mixtures of detergents and disinfectants in different concentrations on the ecotoxicological status of hospital effluents. Acute toxicity tests performed on Daphnia magna with binary mixtures of i) sodium hypochlorite and three detergents or ii) peracetic acid and three detergents in different concentrations showed mostly antagonistic interactions (Panouillères et al., 2007; Angerville et al., (2009) .
A complex preparation for waterless surface cleaning consisting of detergents, propanol, wax emulsion, mineral oil and quaternary ammonium compounds was found to exhibit strong disinfecting properties. Toxicity of this SCP for a battery of test organisms ranged as follows: crustaceans Thamnocephalus platyurus > algae Selenastrum capricornutum > Gram-positive bacteria P. fluorescens > higher plants Triticum sp., Lepidium sativum .
Data on toxicity of different types of detergents and disinfectants used for SCPs are shown in Table 1 .
BIODEGRADABILITY OF SURFACE CLEANING PREPARATIONS
During biodegradation, microorganisms can either utilise surface active compounds as substrates for energy and nutrients or co-metabolise them by microbial metabolic reac-tions (Ying, 2006) . Released into the environment, the biodegradability of QACs may be limited by their antimicrobial activity (Lucchesy et al., 2010) .
The biodegradation process of SCPs is affected by physicochemical factors, e.g., solubility, concentration, structure of the target molecule, as well as conditions of media, e.g., dissolved oxygen, temperature, pH, light, nutrient concentration (Jurado et al., 2009 , Jurado et al., 2013 .
Although many bacteria are able to metabolise organic pollutants, a single bacterium does not possess the enzymatic capability to degrade all or even most of the organic compounds (Fritsche and Hofrichter, 2000) . Biodegradation of organic pollutants by a consortium of microorganisms is more efficient. In biodegradation experiments with decyltrimethylammonium bromide (DTM), it was shown that Xanthomonas sp. cannot degrade DTM completely, and that the products of partial degradation would be available to support replication of Pseudomonas sp. so that the two organisms together would be able to grow on DTM (DeanRaymond and Alexander, 1977) . 
CONCLUSIONS
Increased knowledge and better understanding of the antimicrobial capacity of disinfectants are essential to optimise sanitation procedures, to reduce costs, environment waste and to improve shelf life (Duong, 2005) .
Special surfactants used in waterless cleaning vary widely. The literature on nonaqueous cleaning process is inadequate. More research is required to better understand the cleaning mechanism in solvent systems. Anonymous (1997a Sabourin et al., 1996 Organo-silicon compounds Pseudomonas fluorescens, P. putida
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The resistance to biological degradation is to a small extent caused by increasing length of the alkyl chain. The resistance increases strongly with the number of long alkyl chains linked to the nitrogen atom Van Ginkel, 1991 Pseudomonas sp., Xanthomonas sp. from sewage sludge
Biodegradation of hexadecyltrimethylammonium bromide was evident at levels of 10 and 25 µg/mL The lack of activity on the hexadecyl compound at levels of 100 µg/ml probably is attributable to its toxicity. Decyltrimethylammonium bromide (DTM) was degraded faster
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For all the concentrations tested, the biodegradability proved lowest for the surfactant with the longest alkyl chain and greatest number of glucose units. The degree of biodegradation achieved is higher when the initial concentration of surfactant is lower. Lower concentrations, 15 mg/L and 25 mg/L, resulted in a biodegradation close to or above 90% Jurado et al., 2013 
